The National Dairy Heifer Evaluation Project was a cooperative, USDAsponsored project involving state agricultural departments, the Cooperative Extension Service, the National Agricultural Statistics Service, and the Animal and Plant Health Inspection Service. A series of retrospective and prospective descriptive surveys using a multiple list and area frame sampling technique were conducted. Information collected pertained primarily to dairy neonates and replacement heifers. Much of the study was related to observational information on health and management characteristics that can be related to the animals' long-term physical and economic performance. The data reflect herds representing 78% of the national dairy cow population. Average herd size was 86 milking and dry cows and 66 heifers. Many characteristics of these herds reflect accepted and recommended practices in the area of dauy replacement management and nutrition. Data summarid in this national study can be utilized to evaluate the impact of management practices on dairy operations.
INTRODUCTION
Epidemiological studies of domestic animals are often conducted to evaluate or to establish possible causal associations between an observed condition and various characteristics of the animals' management and environment (12). These studies also serve as educational tools to help those working with producers address health-related herd problems (11) . Additionally, surveys allow teachers and researchers to understand better current management practices and problems on commercial dairies.
The National Animal Health Monitoring System (NAHMS) is one program of the Centers for Epidemiology and Animal Health, which includes the surveillance, monitoring, and detection functions of the USDA, Animal and Plant Health Inspection Service, Veterinary Services. The NAHMS program mission is to benefit producers and consumers of animal products by delivering timely, factual information and knowledge about animal health and its interactions with animal welfare, production, product wholesomeness, and the environment.
Several statewide dairy studies were conducted by NAHMS from its inception in 1983 through 1991. Early in the planning for and implementation of the National Dairy Heifer Evaluation Project (NDHEP), a Dairy Advisory Group was formed (composed of producers, veterinarians, economists, animal scientists, and animal health regulatory officials) and was responsible for identifying and prioritizing the informational needs of the dauy industry and defining the many possible uses and needs of the data to be collected in the national dairy study (22) . Members concluded that the greatest need in the dairy industry was for information about the neonate and replacement heifer. In addition, the advisory group identified the greatest need for NATIONAL DAIRY HEFFiR SURVEY
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information as being the interactions of drury herd management with health and physical and economic performance. A Dairy Technical Group was then convened to examine the theoretical models to be implemented and data to be collected (23) . This Dairy Technical Group was composed of university research and extension personnel in economics, health, and production with specific backgrounds in dairy neonates and replacement heifers.
Dairy calf and heifer management has been previously studied on a limited basis in statewide surveys (5,7, 13). Other studies have focused on factors that affect calf mortality (3, 6, 9, 10, 13, 19), disease (19, and economics (1). Those studies have had state or regional focuses, and information regarding the national dairy heifer herd has not been available.
A consequence of health problems in calves and heifers may be considerable economic loss, even though specific health problems are not observed (20) . Health problems that appear in young stock have been associated with general herd problems (18) . Therefore, continued study of herd management and its relationship to animal health is warranted.
The objective of the NDHEP was to establish benchmark data in the form of the health and management of the US dairy calf and heifer population.
MATERIALS AND METHODS
Data collection for the NDHEP was based on a series of prospective and retrospective sample surveys. The basis for these surveys was a probability sample design, which enabled unbiased estimates of herds representing 78% of the US dauy cow population. This design specified that every unit in the population has a known probability of selection (21) .
The study design utilized a multiple frame sampling technique designed to combine list and area frames. This multiple frame approach is one of the primary estimation methods used by the USDA National Agricultural Statistics Service (NASS) to generate livestock statistics (21) . The NASS list frame is a listing of all agricultural producers in the US. Because of producer transition in and out of business, an area frame or census of all producers from randomly selected local land areas in the US is used to adjust for the incompleteness of the list frames. The estimation model used in this study, containing list and area frames, was as follows: X = Xa + pXal + qX'al, where Xa = estimated total of the population not on the list frame estimated from the area frame, Xal = estimated total of the population included in both frames estimated from the area frame, and X'al = estimated total of the population included in both frames estimated from the list frame. This method creates the highest likelihood that virtually every dairy herd in the US will have a known probability of being selected.
The NASS model sets p = 0, and therefore q = 1 (i.e., if an operation is on the list, it is represented by the list frame estimate). This model is often referred to as the screening estimator, which includes the area estimate of list incompleteness plus the list estimate. This estimator is deemed to be most efficient for a given input and yields more precise estimates for Livestock than do other area frame estimators (4). The NASS list and area sampling frames used for this study were based on the sampling, data collection, and estimation activities of NASS using the multiple frame model technique. The NASS list stratification for dairy cattle is based on approximate herd size characteristics (milking cow inventories). Strata or size groupings vary by state in accordance with the size characteristics of the dairy farms in each state represented in the survey.
Eighteen states were actively involved in the NAHMS program prior to the dairy study, and additional states were added based on their interest in the study and large populations of dairy cows. A total of 28 states were involved in the study, accounting for 83% of the dairy cows and 68% of the operations with dairy cows in the US based on the NASS data from January 1, 1991. Total sample size of herds was determined by a combination of estimation of preweaning mortality, using an advance prevalence estimate of 6%. budget constraints, and expected response rates. The total sample size targeted for selection was approximately 3300 herds. The total sample was roughly distributed to individual states based on proportion of milk cows in the state relative to the total milk cows in the 28 states (Table 1) . Design strata were created by using the existing NASS strata from which operations were selected and included three milk cow list frame strata (small, medium, and large), which were not uniform across states; an area frame stratum; and a heifer ranch stratum (heifer ranch is best defined using NASS data as 0 milk cows, 0 beef cows, 0 replacement heifers 2225 kg, and 250 calves e225 kg). Operations other than heifer ranches were selected using a minimum of 30 milk cows per herd. Operations from the list strata were selected with increasing probability as herd size increased, heifer ranches were selected with certainty.
Surveys used for data collection throughout the NDHEP were pretested on a limited sample in New York, Maryland, and Virginia and were subsequently modified. The pretest used herds of various sizes to represent small, medium, and large herds for that state. Additional testing of certain components were conducted on several farms in Colorado before implementation.
Initial farm contact and data collection for the NDHEP were performed by NASS enumerators who were given a 1-d training on the scope and conduct of the survey to be administered. Many enumerators were experienced in administering surveys, including other NAHMS studies. Uniform training materials were developed and used in the training sessions held by the individual state survey statisticians and the state NAHMS coordinators.
The first of the questionnaires, the General Dairy Report, was administered by NASS enumerators. This survey focused on dairy herd management practices specific to preweaned heifers. Names of producers willing to participate in the remainder of the study were compiled in each state NASS office and then forwarded to the state NAHMS coordinator. State NAHMS coordinators validated the surveys and then sent the surveys and data to NAHMS staff for final data validation and analysis.
The follow-up subsampling portion of the NDHEP was designed to obtain biological information about the nation's dairy calf population and more detailed retrospective and prospective data on health, nutrition, and management over a 3-m0 period on each operation. The 3-mO monitoring periods covering 1 yr represented one annual cycle of the d q industry. Data were collected by state and federal veterinary medical officers. Only data from the initial surveys are reported herein.
The probability sample design utilized was such that inferences could be made for the population of producers and dairy animals. Because the design involved two stages of sample selection, the NASS estimating program and the NAHMS program as a subsample of the NASS sample, probabilities of selection were to be accounted for in each stage. Therefore, all data collected were weighted to derive population estimates. In the simplest case, the weight for a particular operation was the number of producers within a stratum from NATIONAL DAIRY HEIFER SURVEY 1551 which the producer was selected (eligibles) divided by the number of respondent producers from that stratum. Then, nonresponse adjustments were performed by season, region, and herd size to eliminate biases resulting from major differences between respondents and nonrespondents (21).
Population estimates of the data were obtained using SAS (16) with standard deviations for the population estimates derived using SU-DAAN (14). a program specifically designed for multistage survey data analysis. Nonresponse analysis was performed using data from the January 1, 1991 NASS Agricultural Survey.
RESULTS AND DISCUSSION
Starting March 1991, the NASS enumerators contacted groups representing approximately one-fourth of the total sample of herds over 2 to 4 wk at the beginning of each quarter of the study. Subsequent groups were contacted in June, September, and December
1991.
The NDHEP is therefore a subsample of the NASS cattle survey from January 1, 1991. The final data set developed from the 12 mo of data collection contained a general information survey from 1811 dairy herds located in 28 states ( Table 1 ) . The resulting information represents population estimates for 78% of the national dairy cow population.
A comparison of survey respondents with the total eligible sample size is shown in Table   2 . Nonresponse differences were analyzed in a variety of categories. The weighing process explicitly accounted for sample differences in season, region, and herd size, thereby removing response bias in the estimates resulting from these factors.
The primary breed of dauy cattle (Table 3) was Holstein for 94.9% and Jersey for 2.4% of the operations. Other breeds each constituted 11%. Proportion of herds with no registered dairy cattle was 59.7%; another 19.7% had 125% of their herd registered. The DHI record-keeping systems were used by 57.5% (f1.8) of producers in this study. Overall herd average for milk yield was 7592 kg; 54% of producers used calculated information. Verification was performed using milk shipment receipts and cow numbers. Over 90% of the operations were Grade A milk producers p a - ble 3). Operations that were not Grade A or B included contract heifer raisers. Data on the average length of the dry period, calving interval, age at first calving, and weight at first calving were provided by the producers at the time of the survey when not available from record-keeping sources. These data, therefore, likely reflect the perceived goals of the operations and not necessarily the actual situation.
A summary of dauy heifers sold or leased is shown in Table 4 . A small portion (1.9%) of the operations sold or removed all heifers within 24 h; however, a larger portion sold some heifers before weaning for herd replacements (10.0%) or veal and other reasons (13.9%). Contract heifer raising was used by a very small percentage of the operations (1.6%), despite possible economic benefits predicted (24). Data from the ages that calves were removed from the operation on a contract basis and according to the length of time in the contract operation reveal that most calves re- mained in the contract herd until near calving, regardless of the age at which the calf was contracted out. More operations that use contracting for heifers were in the West (West, 7.8%; Midwest, .5%; Southeast, 2.1%; and Northeast, 2.4%).
Information pertaining to the normal care and feeding of newborn calves on operations is provided in Table 5 . Many calves (67.6%) were removed from their dams within the first 12 h. To receive first colostrum, a great majority of calves received some form of assisted nursing, were hand fed from a bottle or bucket, or were fed through an esophageal feeder. These percentages are similar to those shown previously 0 and reflect a continued interest across the US in improving passive antibody transfer. All methods of colostrum feeding, except unassisted nursing, have the potential to provide the calf with enough fmt colostrum to supply adequate nutrients and Ig, Types of liquids fed before weaning and information regarding weaning practices are given in Table 6 . Milk replacer, milk from cows that have just calved, whole milk, and mastitic or antibiotic milk were the types of liquids most often fed. Many producers used a combination of two or more types of liquid feed. With care, milk from mastitic cows or containing antibiotics, milk from cows that have just calved, and fermented colostrum can be efficient and inexpensive sources of calf feed, provided that proper management is used to maintain calves on consistent amounts of daily nutrients (2, 8). Use of milk replacer or whole milk facilitates constant nutrient intakes over time; fewer daily fluctuations are due to management decisions or dilution differences. Ages at which calves were offered grain, forage, and water were similar to those found earlier (5) and show that most operations offered grain early: 88.6% within the first 2 wk of age and 94.8% by 4 wk. However, 1.4% NATIONAL DAIRY . . . 'Holstein farms only.
were not fed grain until 28 wk, which was later than the average weaning age (Figure 1 ). 
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Removal of extra teats was performed by over onehalf of the producers and tended to be performed at a later age (19.1 wk). This age The most common methods of horn removal were electric dehorners and scooping, cutting, or gouging. This result shows little change over past regional surveys. Ear tags were the primary type of visual identification used. For a small percentage of herds (7.3%), no formal identification system was used.
Following this initial survey, producers at dairy operations were given the opportunity to participate in a 3-mo daily data monitoring system. These data will be used in future analyses to study the impact of management on health of US d a q operations.
CONCLUSIONS
This study depicts general herd size and dairy replacement management characteristics of farm operations constituting 78% of the US dauy cow population and calf raising operations. These dauy operations throughout 28 states followed many of the accepted and recommended practices in calf and heifer management. Several aspects of dairy farm management needed improvement, such as the amount and methods of first colostrum feeding.
